Marques, I. A~ Oberholzer, M. J. and Erisrnann, K. H. 1985. Metabolism of glycollate by Lernna minor L. grown on nitrate or ammonium as nitrogen source.-J. exp. Bot. 36: 1685-1697. Duckweed, Lemna minor L~ grown on inorganic nutrient solutions containing either NHt or NO 3 as nitrogen source was allowed to assimilate [1-1 -' -CJor [2-14 C]glycollate dunng a 20 min period in darkness or in light. The incorporation of radioactivity into water-soluble metabolites, the insoluble fraction, and into the CO 2 released was measured. In addition the extractable activity of phosphoenolpyruvate carboxylase was determined. During the metabolism of [2-14 C]glycollate in darkness, as well as in the hght, NHt grown plants evolved more 14 CO 2 than NO 3 grown plants. Formate was labelled only from [2-14 C]glycollate and in NH; grown plants it was significantly less labelled in light than in darkness. In NO 3 grown plants formate showed similar rad10activity after dark and light labelling. The radioactivity in glycine was httle influenced by the nitrogen source. Amounts of radioactivity in serine implied that the further metabolism of serine was reduced m darkness compared with its metabolism in the light under both nitrogen regimes. In illuminated NHt plants, serine was labelled through a pathway starting from phosphoglycerate. After [l-14 C]glycollate feeding NHt grown plants contained markedly more radioactive aspartate and malate than NO 3 plants indicating a strmulated phosphoenolpyruvate carboxylation in plants grown on NHt.
INTRODUCTION
In chloroplasts in the presence of oxygen, ribulose-1,5-bisphosphate (RuBP) oxygenase produces P-glycerate and P-glycollate. P-glycerate is metabolized in the photosynthetic carbon reduction cycle while P-glycollate is a substrate for the photosynthetic carbon oxidation cycle (Tolbert, 1979) . The latter pathway causes the loss of photorespiratory C0 2 and leads to a reduced efficiency of photosynthesis in C 3 plants (Zelitch, 1979) . After dephosphorylation of P-glycollate in the chloroplasts the product, glycollate, is transferred to the peroxisomes. There it is oxidized to glyoxylate by glycollate oxidase, generating H 2 0 2 by reduction of 0 2 . H 2 0 2 (ifit escapes catalase activity) can oxidize glyoxylate to C0 2 or to formate and C0 2 (Grodzinski, 1979; Halliwell and Butt, 1974; Zelitch, 1972) . Alternatively glyoxylate can be either oxidized to oxalate, transaminated to glycine (Chang and Huang, 1981;  Tolbert, 1979) or converted to malate by reaction with acetyl-CoA (Miernyk and Trelease, 1981;  Yamamoto and Beevers, 1960) . The importance of metabolism of glyoxylate by each possible route in vivo is not yet clear. Apparently the availability of amino groups represents an important factor for the conversion of glyoxylate to glycine (Chang and Huang, 1981; Oliver, 1981;  Somerville and Ogren, 1981;  Yokota, Kawabata, and Kitaoka, 1983) . Photorespiratory C0 2 has been proposed to be released from the carboxyl carbon of glycollate (Tolbert, 1979; Zelitch, 1972) . The a-carbon forms a C-1 unit and/or formate, which can be oxidized to C0 2 by H 2 0 2 or by a mitochondrial formate dehydrogenase (Grodzinski, 1979; Halliwell, 1974) . It can also react with glycine to produce serine (Grodzinski, 1979) . Serine synthesis, however, is assumed to occur mainly through the reaction of serine hydroxymethyltransferase (Tolbert, 1979) . Two mols of glycine react to produce one mol each of serine, NH 3 , and C0 2 • Serine is converted to hydroxypyruvate, which may be decarboxylated by H 2 0 2 (Walton and Butt, 1981) or metabolized to P-glycerate (Tolbert, 1979) . The synthesis of serine can also proceed from P-glycerate through the glycerate pathway or through the phosphorylated pathway involving P-hydroxypyruvate and P-serine (Keys, 1980) . The pathways involved in photorespiration seem to be influenced by the type of supplied N-source (Emes and Erismann, 1982; Marques, Oberholzer, and Erismann, 1983; Vaklinova, Fedina, Vassileva, and Ananieva, 1981 in darkness the regeneration of glutamate in the photorespiratory nitrogen cycle is probably reduced (Keys, Bird, Cornelius, Lea, Wallsgrove, and Miflin, 1978) and the production of H 2 0 2 in the chloroplasts is lacking (Yokota et al., 1983) .
The results obtained show that radioactivity in formate was strongly influenced by the N-source. In darkness the labelling of glycine and serine was not altered appreciably by the N-regime. Under photosynthetic conditions much of the label in serine in NH; grown plants apparently came through a pathway starting from P-glycerate. Furthermore, NH; nutrition compared to N0 3 enhanced phosphoenolpyruvate (PEP) carboxylation. was grown in Fernbach flasks under sterile conditions for three weeks on an inorganic nutrient solution (pH 6-65) containing either N0 3 or NHt as sole N-source (3·35 mol m -3 ) (Kopp, Feller, and Erismann, 1974) . The flasks contained 700 cm 3 nutrient solution and were aerated at a flow rate of 50 dm 3 h-1 at 25 °C under continuous light (13 000 b, fluorescent tubes: Philips TL 40W/33).
MATERIALS AND METHODS

Plant material
[ 14 C]glyco//ate feeding Two hundred fronds of N0 3 (331 ±20-2 mg fr. wt., 0-298±0-006 mg Chi, ±s.d., n = 5) or NHt (268·8 ± 12· 3 mg fr. wt., 0-288 ± 0-008 mg Chi, ± s.d., n = 5) grown plants were placed in flasks ( volume: 40 cm 3 ) on 15 cm 3 of the appropriate nutrient solution and aerated with filtered atmospheric air containing 370 mm 3 dm -3 C0 2 at a flow rate of 50 dm 3 h-1 . The temperature of the assimilation flasks was held constant at 25 °C. Fronds provided with ( 14 C]glycollate in darkness were first acclimated in darkness; those to be provided with ( 14 C]glycollate in the light were acclimated in the light. After 2 h of acclimation the nutrient solutions were replaced by 3·0 cm 3 of a nutrient solution containing 0-6 mol m -3 of either [l-14 C]-or [2-14 C]glycollate (INC, Calif.). For dark metabolism of [l-14 C]-or [2-14 C]glycollate the specific activities were 1·7 and 2·65 Ci mo1-1 respectively. Photosynthesizing fronds were kept at a light intensity of 13 000 Ix (fluorescent tubes: Philips TL 40W /33), and provided with [1-1 •C]-or [2-14 C]glycollate having specific activities of 2-0 and 5·6 Ci mo1-1 respectively. The glycollate feeding was stopped after 0-5, l ·O, 5·0, 10 and 20 min by rapidly cooling the assimilation flask and quickly replacing the feeding solutions by 20 cm 3 ice-cold distilled H 2 O. Then after draining the wash water, the plants were frozen in liquid N 2 and stored at -60°C until analysis.
Estimation of 14 C0 2 production
During metabolism of radioactive substrates, the air from each flask was bubbled through 10 cm 3 2-amino ethanol: 2-methoxyethanol (20: 80, v/v) to absorb released CO 2 . Ten cm 3 scintillation fluid (BBOT: naphthalene: toluene, 1: 2: 125, w/w/v) were added to the whole sample and radioactivity measured on an MR 300 automatic liquid scintillation system (Kontron). For blank values the Lemna fronds were replaced by parafin leaflets, which floated on the [ 14 C]glycollate feeding solution and which had approximately the same shape and the same area of surface as the plants.
Extraction and separation of 14 C-labelled products
The frozen plant material of one assimilation flask was homogenized in 3-0 cm 3 of absolute ethanol: dichloromethane (DCM) (E. Merck, Darmstadt) (2: 1, v/v) using a glass homogenizer. The homogenate was centrifuged and the pellet washed with l ·O cm absolute ethanol: DCM (2: 1, v/v) and twice with 2·5 cm 3 distilled H 2 O. To determine the radioactivity of the insoluble fraction 1 ·0 cm 3 distilled H 2 O and 10 cm 3 scintillation fluid (2,5-diphenyloxazole (PPO): 1,4-bis(5-phenyloxazol-2-yl)benzene (PO POP): toluene: Triton-X 100, 3: 0-09: 500: 250, w/w/v/v) were added to the pellet. Radioactivity in the suspension was measured. The combined supernatant fluid and washings were mixed thoroughly and centrifuged so that the two phases separated. The apolar phase (at the bottom) was washed with 2-0 cm 3 distilled H 2 O and made up to 15 cm 3 with 96% (v/v) ethanol. The chlorophyll concentration of this solution was determined (Amon, 1949) . All operations were carried out at 0-4 °C.
The polar upper phase plus the 2·0 cm 3 of solution from washing the apolar phase were mixed and passed through a column ofDowex 50Wx8 (200/400 mesh, hydrogen form) packed in a Pasteur pipette. The neutral and anionic fraction was eluted with distilled H 2 0 and brought to a volume of 15 cm 3 . Amino acids were eluted from the column with 6·0 cm 3 l ·4 x 10 2 mol m-3 NH 4 0H. The whole cationic fraction and 7·5 cm 3 of the neutral (and anionic) fraction were evaporated to dryness in vacua at 40 °C. Compounds in these fractions were separated by thin layer chromatography and radioactivity determined as described previously (Marques et al., 1983) . The remainmg 7·5 cm 3 of neutral fraction were used for separation and quantitative determination of glycollate, malate, glycerate and formate by HPLC. The acids were extracted from aqueous solution into DCM by ion-pair extraction using tetrapentylammonium ions (Greving, Jonkman, and de Zeeuw, 1978) . Three cm 3 tetrapentylammonium solution and 0-56 cm 3 absolute ethanol (as solvating agent) were added to the fraction, so that the ethanol concentration was 20% (v/v). The fraction was then extracted 5 times with 5-0 cm 3 DCM. The fractions were pooled and DCM was removed at 25 °C by blowing N 2 upon the surface of the solution. The residue was taken up in 0-6 cm 3 distilled H 2 O. This solution was analysed on an SP 8000 A liquid chromatograph (Spectra-Physics, Calif.) with two columns of AMINEX Ion Exclusion HP X 87 (300 mm x 7·8 mm) (Bio-Rad Labs, Calif.) arranged in series and eluted with a continuous flow (0-6 cm 3 mint) of 1-0 mol m -3 H 2 SO 4 at 17 °C. The organic acids in the effluent were monitored at 200 nm with a Spectrophotometric Detector LC 75 (Perkin-Elmer) coupled with a recorder, and eluted into scintillation vials containing 10 cm 3 PPO/POPOP-scintillation fluid for determination of radioactivity.
Extraction and assay of PEP carboxylase
Using a Polytron homogenizer, plant material (1·25 g) was homogenized in 15 cm 3 of 10 mol m-3 imidazole-bulfer, pH 7·1, containing 20"/4 (v/v) ethylene glycol, 2·0 mol m-3 OTT and and 1% (w/v) insoluble PV P. The further procedure was as previously described (Marques et al., 1983) , except that the Sephadex G-25 was equilibrated with 50 mol m-3 Tris-HCI, pH 7·5. The enzyme activity was determined by the method of Lane, Maruyama, and Easterday (1969) . The assay mixture contained 50 mol m-3 Tris-HO, pH 7·5, 10 mol m-3 MgCl 2 , 40 mol m-3 KCI, 1-0 mol m-3 PEP, l ·O mol m -3 NADH, 6 units malate dehydrogenase and 32 mol m-3 NaHCO 3 in a total volume of 1-0 cm 3. Decrease in absorbance at 340 nm was measured at 25 °C with a Perkin-Elmer 55B spectrophotometer. (Grodzinski, 1979; Halliwell and Butt, 1974; Tolbert, 1979) .
Ammonium grown plants evolved more 14 CO 2 from [2-14 C]glycollate than NO 3 plants ( Fig. 1 ). Radioactive formate in the plants could only be detected after [2-14 C]glycollate feeding ( Fig. 2) and was the first detectable radioactive product. The amount of labelled formate in NH.t grown plants was about double that in NO 3 grown plants. When [l-14 C]glycollate was supplied, the first labelled detectable metabolite was glycine. The labelling of glycine tended to level off during the feeding period, while that of serine continued to increase (Fig. 2) . The rates of accumulation of 14 C in serine in the dark was slower initially than in the light (Fig. 5 ). The metabolically active pool of glycine was obviously much smaller than that ofserine. Total radioactivity in these two amino acids was hardly influenced by the N-source. The lower percentage 14 C-incorporation into glycine and serine in NH,t grown Lemna from [2-14 C]glycollate was due to higher 14 C in formate (Fig. 2) and from [l-14 C]glycollate was due to more 14 C in aspartate (Fig. 3) [2-14 C]glycollate compared with [l-14 C]glycollate; this is consistent with the conversion of two molecules of glycine to one of serine (Tolbert, 1979) in which both C-2 atoms are used but only one of the C-1 atoms and possibly also with the synthesis of serine from glycine and formate (Grodzinski, 1979) .
Aspartate was only labelled when [l-14 C]glycollate was supplied (Fig. 3) . The increase of radioactivity in aspartate was faster than that in serine. Aspartate received about three times more 14 C-activity in NH; -than in NO 3 grown plants, whereas the percentage of soluble 14 C in asparagine was not influenced by the N-source (data not shown). Higher radioactivity in NH; grown plants was detected in malate ( Fig. 3 ), although these plants had smaller total malate pools (1·6±0·2 µmol mg-1 Chi, ±s.d., n = 5) than those fed with NO 3 (7·5 ±0-07 µmol mg-1 Chi). Thus the specific activity ofmalate in NH; plants was strikingly higher than in NO 3 plants. However, the metabolically active malate pool receiving the C]glycollate was supplied, little radioactivity was found in malate ( Fig. 3) .
Glutamate and glutamine, like aspartate were labelled only after feeding [l-14 C]glycollate (Fig. 3 ). More labelled glutamate was found in NHt grown plants, while glutamine labelling was greater in NO 3 grown plants. Labelling of the insoluble fractions increased linearly over 20 min and was not influenced by the N-source or the position oflabelled carbon within glycollate (data not shown). In the dark there was apparently no detectable flux of 14 C from glycollate into sugar phosphates and free sugars.
Metabolism of [1 4 C]glycollate in the light
Nitrate-as well as NHt -grown plants incorporated a similar amount of 14 C into total soluble 14 C from [2-14 C]glycollate in the light (Fig. 4 ) and in the dark (Fig. 1) (Figs 1, 4) . Labelling of insoluble fractions (Fig. 4) was markedly higher after [l-14 C]-than after [2-14 C]glycollate feeding and was little influenced by the N-source. The difference of the 14 CO 2 release between NHt and NO 3 grown plants during the metabolism of [2-14 C]glycollate in the light (Fig. 4 ) was strikingly greater than during the dark metabolism (Fig. 1) .
Formate and glycine were the earliest-labelled compounds measured (Fig. 5) . Surprisingly, after [2-14 C]glycollate feeding in the light NO 3 grown plants contained more labelled formate than NHt plants. This is in contrast to plants labelled in the dark (Fig. 2) . The type of N-source had little influence on the labelling of glycine (Fig. 5 ). Radioactivity in serine ( Fig. 5) as would be expected (Tolbert, 1979) . In NH1" grown plants, however, more label was incorporated into serine from [l-14 C]than from [2-14 C]glycollate. Aspartate (Fig. 6) , asparagine, glutamate (data not shown) and glutamine (Fig. 6) were labelled much more from [l-14 C]-than from [2-14 C]glycollate. After supplying both forms of [ 14 C]glycollate more radioactivity was present in aspartate in NH1" than in NO 3 grown plants, while labelling of asparagine and glutamate was not changed by the N-source. After [l-14 C]glycollate feeding, glutamine in NH1" grown plants contained about double the radioactivity of that in NO 3 grown plants. Ammonium grown plants incorporated markedly more labelled carbon into malate than NO 3 grown plants ( Fig. 6) with either [l-14 C]-or [2-14 C]glycollate, and the same pattern was observed with alanine (data not shown). Lemna plants, which metabolized [ 14 C]glycollate in the dark, contained no detectable radioactive alanine. Sugar phosphates and free sugars (Fig. 6) were much more labelled when the plants had been supplied with [l-14 C]-instead of [2-14 C]glycollate.
PEP carboxylase
The extractable activity of PEP carboxylase in NH1" grown Lemna (0-82 ± 0·07 µmol mg-1 Chi min-1 , ±s.d., n = 4) was apparently higher than in NO 3 grown plants (0·69 ± 0·06 µmol mg-1 Chi min -1 , ± s.d., n = 4).
DISCUSSION
Metabolism of [ 14 C]glycollate in darkness
The substrate immediately involved in photorespiratory CO 2 release has been proposed to be glycine and glyoxylate (Grodzinski, 1979; Halliwell and Butt, 1974; Tolbert, 1979) . Another possible source of 14 CO 2 from [l-14 C]glycollate is the decarboxylation of hydroxypyruvate by H 2 O 2 (Walton and Butt, 1981) . Radioactive CO 2 released during metabolism of [2-14 C]glycollate may be generated by oxidation of formate (Grodzinski, 1979; Halliwell, 1974) , which is produced by oxidation of glyoxylate (Grodzinski, 1979; Zelitch, 1972) . Further metabolism of recycled glycollate, produced by the mentioned decarboxylation of hydroxypyruvate, would lead to a 14 CO 2 release from supplied [2-14 C]glycollate. The higher 14 CO 2 release from [2-14 C]glycollate ofNH1" grown Lemna plants (Fig. 1) could originate from more available radioactive formate (Fig. 2) for oxidation. The high amount of [ 14 C]formate found only after [2-14 C]glycollate feeding was probably generated through the decarboxylation of glyoxylate (Grodzinski, 1979; Zelitch, 1972) . In the presence of enough amino donors, glyoxylate is transaminated to glycine and not oxidized to CO 2 (Chang and Huang, 1981; Oliver, 1981; Somerville and Ogren, 1981) . When feeding Lemna plants with glycollate the availability of amino groups for the amination of glyoxylate possibly could have been rate-limiting, even in the presence of an inorganic N-source, so that an excess of glyoxylate produced by oxidation of the supplied glycollate was decarboxylated.
Total 14 C incorporated into the soluble fraction (Fig. I) and the labelling of glycine and formate (Fig. 2) suggest, that [ 14 C]glycollate was metabolized more rapidly in NH1" grown plants. This conclusion is supported by the higher extractable activity of glycollate oxidase in NH1" grown Lemna (Emes and Erismann, 1982) .
In photosynthesizing plants fed with [ 14 C]glycollate the radioactivity in serine tended to reach a constant level within 20 min (Fig. 5) , whereas in darkness the increase of radioactivity in serine was linear during the same time and was slower at the beginning of the labelling period (Fig. 2) . These results point to a reduced metabolism of the serine synthesized through the glycollate pathway in plants kept in the dark. This conclusion and the fact that we could not find any labelled sugar phosphates in darkness (see results) imply that the supply of carbon to the Calvin cycle through the glycollate pathway by further metabolism of serine is, at least indirectly, light dependent. A corresponding observation has previously been made with pea leaves (Miflin, Marker, and Whittingham, 1966) . Aspartate and malate were significantly labelled only when [l-14 C]glycollate had been fed and they contained more 14 C in NHt grown plants (Fig. 3) . Glycollate is not a substrate for malate synthesis (Yokota et al., 1983) , and the incorporation of [l-14 C]glycollate into malate is not thought to be via glycine and serine (Asada, Saito, Kitoh, and Kasai, 1965; Miflin et al., 1966) . If malate synthase (Miemyk and Trelease, 1981; Yamamoto and Beevers, 1960) were active, or if hydroxyaspartate was produced by condensation of glycine and glyoxylate (Kornberg and Morris, 1963) , aspartate and malate should have similar radioactivities after [l-14 C]glycollate and [2-14 C]glycollate feeding. The extractable activity of PEP carboxylase in NHt grown Lemna was enhanced compared to plants with NO 3 nutrition (see results). In other plants, PEP carboxylation was also found to be stimulated by NHt (Paul, Cornwell, and Bassham, 1978) . All these observations suggest that aspartate and malate were labelled via oxaloacetate after dark fixation of 14 CO 2 . An enhanced PEP carboxylation in NHt grown plants could possibly be a consequence of more available 14 CO 2 in NHt plants. A higher level of PEP carboxylation would deliver more carbon skeletons, which are required for the assimilation of NHt to synthesize more amino acids (Erismann and Kirk, 1969) and proteins (Dicht, Kopp, Feller, and Erismann, 1976) . In contrast, primary leaves of Phaseolus vulgaris L. grown on NHt as sole N-source showed a reduced PEP carboxylation rate (Marques et al., 1983) compared to NO 3 nutrition. Here, as in the case of other terrestrial plants, NHt is mainly assimilated in the roots. In Lemna and other aquatic plants, NHt is taken up directly into the photosynthetic cells.
It is likely that 14 C-label in glutamate and glutamine (Fig. 3 ) also arose through fixation of 14 CO 2 by further conversions ofmalate and/or oxaloacetate in the Krebs cycle. The labelling pattern of glutamate compared to that of glutamine points to a reduced rate of glutamate amidation in NHt grown plants in darkness, a view supported by measurements of glutamine synthetase activities in Lemna minor L. (Rhodes, Sims, and Stewart, 1979 ).
Metabolism of [ 14 C]glycollate under photosynthetic conditions
In the light the Lemna plants assimilated [ 14 C]glycollate as well as 14 CO 2 originating mainly from photorespiration and apparently from a glycollate degradation in the feeding solution. Despite sterile conditions, control flasks with a [ 14 C]glycollate feeding solution but without plants evolved 14 CO 2 . The experimental production of 14 CO 2 was several times more from [l-14 C]-than from [2-14 C]glycollate. This explains why sugar phosphates, free sugars ( Fig. 6 ) and thus total soluble 14 C were more rapidly and more highly labelled from [l-14 C]-than from [2-14 C]glycollate in photosynthesizing plants. In the case of [1-14 C]glycollate feeding, high blank values prevented an accurate determination of 14 CO 2 released from Lemna plants.
Ammonium grown plants accumulated more total soluble 14 C during [l-14 C]glycollate feeding than NO 3 grown plants (Fig. 4) . Labelling of sugar phosphates, free sugars ( Fig. 6) and the insoluble fractions as well as soluble 14 C in the case of [2-14 C]glycollate feeding were little influenced by the N-source (Fig. 4) . This may indicate that NHt grown plants assimilated 14 CO 2 not only through RuBP carboxylation but also through another carboxylation reaction. The higher radioactivity of aspartate and malate (Fig. 6) in NHt compared to NO 3 grown plants points to a stimulated PEP carboxylation.
The rate of glutamine labelling (Fig. 6 ) was also increased in NHt grown plants, this is in contrast to the labelling in darkness (Fig. 3) . This means that the higher concentration of glutamine measured in NH,t grown Lemna (Erismann and Kirk, 1969) could likely be realized only in plants receiving light.
The fact that formate was only labelled in plants which were supplied with [2-14 C]glycollate, implies the labelling of formate by decarboxylation of [ 14 C]glyoxylate (Grodzinski, 1979; Zelitch, 1972) and certainly argues against a direct formation of formate from C0 2 (Kent, 1972) . In NH,t grown plants under photosynthetic conditions formate was markedly less labelled and since its radioactivity levelled off after 5 min (Fig. 5 ) the metabolically active formate pool was smaller than in N0 3 grown plants. After [2-14 C]glycollate metabolism in the light (Fig. 5 ) as well as in darkness (Fig. 2 ) N0 3 grown plants contained similar amounts of labelled formate, whereas NH,t grown plants showed several times more radioactive formate in the dark than in the light. The increased 14 C0 2 release from [2-14 C]glycollate of photosynthesizing NH,t plants (Fig. 4 ) compared to plants in darkness (Fig. 1) was possibly generated by a stimulated rate of formate oxidation, so that the metabolically active formate pool ofNH,t grown plants became smaller (Fig. 5 ) and the flow of carbon through it faster in the light than in the dark. A possible explanation is that formate was oxidized by H 2 0 2 (Grodzinski, 1979; Halliwell, 1974; Yokota et al., 1983) produced in the chloroplasts by an excess of reduction equivalents due to NH,t nutrition (Weissmann, 1972) .
The time course of labelling of serine after [ 14 C]glycollate metabolism was completely different in the light (Fig. 5 ) and in darkness (Fig. 2) , while radioactivity in glycine (Figs 2, 5) was not markedly influenced either by light or by the N-source. Considering the proposed pathways for the synthesis of serine in higher plants (Keys, 1980) , we suppose that in NH,t grown Lemna plants serine was mainly labelled from P-glycerate, which incorporated 14 C through RuBP carboxylation. The labelling pattern of serine in the light could not have been expressed in the dark, because here the sugar phosphates were not labelled (see results). The rate of serine synthesis through the glycollate pathway (Tolbert, 1979) is possibly limiting, so that an increased requirement of serine for stimulated protein synthesis evident in NH,t grown plants (Dicht et al., 1976) is covered through a pathway starting from P-glycerate (Keys, 1980) .
